The present study was undertaken to determine the fatty acid profile of seeds of pepper (Capsicum annuum L.) cultivars 'Yağ', 'Çetinel-150' and 'Bağcı Çarliston' as well as the relations between fatty acid profile, seed germination and vigour at various temperatures (15, 25 and 35 °C). In this study, the germination percentage and vigour, total oil and the fatty acid profile of seeds of pepper cultivars were determined. There were significant differences in seed germination and vigour among the cultivars. Linoleic (C18:2n-6) acid was the principal fatty acid followed by palmitic (C16:0), oleic (C18:1n-9) and stearic (C18:0) acids in all cultivars. The highest concentrations of linoleic (77.8%), oleic (10.4%), palmitic (10.6%) and stearic (2.5%) acids were determined in the cultivars 'Çetinel-150', 'Yağ' and 'Bağcı Çarliston', respectively, and miristic, margaric, gadoleic and behenic acids at an even lower content (<1%). In addition to simple correlation coefficients (r) between the total oil, fatty acid composition, and germination percentage and vigour of the pepper cultivars, similar results were obtained in stepwise multiple regression analysis. According to the stepwise multiple regression analysis, although results for vigour were similar to the results of germination, in addition to linoleic acid, the indirect effect of miristic, margaric, palmitoleic and gadoleic acids were determined for vigour. Research results demonstrated that the low or high amount of fatty acids in the tested cultivars may play a major role on germination and vigour at various temperatures. Moreover, the role of linoleic acid (C18:2n-6) on germination and vigour associated with temperature was more explicit than that of the other fatty acids.
Introduction
Pepper (Capsicum spp.) is a warm-season crop that belongs to the Solanaceae family. Due to its tropical origin, it is chilling-sensitive and cannot tolerate extended periods of temperatures below 10°C without serious metabolic disruptions (Decoteau, 2000) . The seed germination range of pepper types is between 15°C and 35°C, with an optimum soil temperature of about 30°C. Seed germination of pepper has proved to be very slow and erratic, and this is a common phenomenon in pepper seeds especially under stressful conditions (Sarıyıldız et al., 2005) . Seeds are sowed in the early spring at low temperatures for production in the open field, and in late summer at higher temperatures for production in the Mediterranean region has great importance for seedling establishment for vegetable crops such as pepper. Sarıyıldız et al. (2005) reported that one special feature expected of high quality seeds is to be able to germinate under stressful growing conditions or production areas. Vegetable seed quality depends on many factors including moisture content, germination level, pathogen contamination, varietal purity and physical integrity and a complex series of metabolic processes such as water imbibition, respiration, mobilization of food reserves such as lipids, nucleic acid and protein synthesis, cell differentiation and growth play a major role for germination (Wanasundara et al., 1999) . While little information was available in literature concerning the effect of lipids and fatty acids on germination under adverse or stressful conditions in peppers, it was reported that low or high amount of fatty acids such as miristic (C14:0), oleic (C18:1n-9), linoleic (C18:2n-6) and arachidic (C20:0) acids played a major role on germination percentage and rate in cucurbits (Kaymak, 2012) .
Although a number of papers exist regarding the characterization of the seeds oils and fatty acid composition of different vegetable crops' seeds (Barthet, 2008; Mortley et al., 2012; Jarret et al., 2013) , most do not cover the relations between fatty acid composition and seed germination and vigour under stressful temperatures. Therefore, the present study was undertaken to determine the fatty acid profile of seeds of pepper (Capsicum annuum L.) cultivars, as well as the relations between fatty acid profile, seed germination and vigour under controlled conditions.
Materials and methods
This study was conducted in growth chambers and gas chromatography-mass spectrometry laboratory in Atatürk University in 2011 and 2012 to determine the potential effect of fatty acid (FA) composition on seed germination and vigour of pepper (Capsicum annuum L.) cultivars 'Yağ', 'Çetinel-150' and 'Bağcı Çarliston' at various temperatures. In this study, two-year old pepper
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seeds were used as plant material. The seeds were supplied by a Turkish seed company Toros Agri-Industry and Trade Corporation. All the cultivars' seeds tested in this study were the product of 2010 and the same company because various factors including harvest time, level of maturity, seasonal variation, drying conditions, variety, cultivar and source of seeds, soil properties of seed production area and storage conditions of seeds may be affected the properties of seeds such as fatty acids (Kaymak, 2012) . Germination tests were carried out using four replicates of 50 seeds, disinfested in 1% sodium hypochlorite for 15 min to eliminate seed born microorganisms, from each cultivar in 9 cm Petri dishes in the dark. They were placed in a growth chamber for a period of 14 days (ISTA, 1996) , at 15, 25 and 35 °C. The seeds were incubated between two filter papers saturated with water containing benomyl (Methyl-1-(butylcarbamoyl)-2-benzimidazole carbamate, 50%) 1 g l -1 to prevent fungal growth. Visible-radicle protrusion, 2 mm length of radicle, was the criterion of germination (Güvenç, Kaymak, 2006; Demir et al., 2008) . Germinated seeds were recorded and discarded at 24 hour intervals during 14 days (ISTA, 1996) and the results were expressed as final germination percentage.
Vigour tests were conducted using four replicates of 50 seeds of each cultivar and seeds were sown 1 cm deep in standard plastic pots (11 × 20 × 7 cm) in a soilless medium (75% sphagnum peat and 25% perlite). Plastic pots were placed in a growth chamber maintained at 15 ± 1, 25 ± 1 and 35 ± 1 °C for a period of four weeks. They were irrigated and inspected daily. Seed vigour reflects the seedling emergence (Matthews et al., 2009 ) and the emerged seedlings were counted daily until no further seedlings appeared. At the end of the vigour test, the total number of emerged seedlings in each plastic pot was determined and expressed as a final vigour percentage.
Germination and vigour tests were conducted in a randomized complete block design including four replications. The data were subjected to ANOVA and means were compared by using Duncan's multiple range test. Arcsin transformation was made for percentage data before statistical analysis. Additionally, stepwise multiple regression and the correlation coefficients (r) between fatty acid profile and germination percentage and vigour were determined for all temperatures.
Lipid extraction of seeds of pepper (Capsicum annuum L.) cultivars (c. 1 g) was made according to Folch et al. (1957) . According to this method, the samples were homogenized in chloroform/methanol (2:1 v/v) containing 0.01% (w/v) of butylated hydroxytoluene (Sigma, ≥99.0% gas chromatography, B1378) as antioxidant 20 vol. (w/v) for 1 min. Homogenization was performed in ice and other mediums (filtration, incubation, etc.) at 20-22°C. The organic solvent was evaporated under a stream of nitrogen and the amount of lipid was determined gravimetrically. Fatty acid methyl esters (FAMEs) were prepared from lipids according to the method of Metcalfe and Schmitz (1961) . The crude lipid extract was saponified with NaOH in methanol and FAMEs were prepared by transmethylation with boron trifluoride (BF 3 ) in methanol. Fatty acid methyl esters were gained by means of a "Hewlet Packard" Agilent 6890 N model gas chromatography, which has a flame ionization detector and suited with a DB 23 capillary column (60 m, 0.25 mm inner diameter and 0.25 µm) ejector and detector whose temperature program was 190°C for 35 min then increased at 30°C per min up to 220°C where it was preserved for 5 min. Hydrogen gas (2 ml min -1 and split ratio was 30:1) was used as carrier. By comparing their retention times and peak with a standard mix of FAs (Supelco 37 component FAME mix, catalogue No. 47885-U) the characteristic FAs were recognized and they were obtained in quantity (David et al., 2003) .
Data were presented as mean ± standard deviation (SD) and analysed by one-way analysis of variance (ANOVA). The significant means were compared by Duncan's multiple range tests at α = 0.05 level (n = 4).
Results and discussion
The major fatty acids of the oil extracted from the seeds of pepper (Capsicum annuum L.) cultivars are presented in Table 1 . The fatty acids content was significantly different among cultivars' seed samples. Palmitic (C16:0), oleic (C18:1n-9) and linoleic (C18:2n-6) acids were the highest in concentration followed by stearic acid (C18:0) at less than 5% and the other fatty acids at an even lower content (<1%) in pepper cultivars.
The total saturated, mono-unsaturated, polyunsaturated and total oil contents were also different and shown in Table 2 . Poly-unsaturated fatty acids ranged from 72.7% (cv. 'Yağ') to 77.8% (cv. 'Çetinel-150'); mono-unsaturated fatty acids ranged from 9.7% (cv. 'Çetinel-150') to 12.7% (cv. 'Yağ'). In addition, pepper cultivars seed oils contained low amounts (12-14%) of totally saturated fatty acids. There were no statistical differences between total oil content of pepper cultivars and composed nearly 16% across cultivars (Table 2) .
Wide variations were determined among the contents of major fatty acids of tested seeds of cultivars. The total saturated, mono-unsaturated, poly-unsaturated fatty acids and total oil were also different. Some reports are available on the composition of fatty acids of pepper seeds from different regions of the world. For instance, Demir et al. (2008) and Embaby and Mokhtar (2011) suggested that linoleic acid was the most abundant fatty acid and constituted the maximum amount in total lipid content in pepper seeds. Pérez-Gálvez et al. (1999) similarly reported that the major fatty acids accumulated in the pepper seeds are palmitic, oleic, linoleic, and linolenic. Alike, Kaya et al. (2010) notified that the highest fatty acid of the seeds of pepper cultivars 'Çorbacı', 'Sera Demre 8' and 'Yalova Yağlık' was linoleic acid (78.9%) followed by palmitic (9.16-11.79%) and oleic (7.28-11.40%). Also it was reported that oleic and palmitic acid contents of pepper seeds showed similar values, oleic acid content changed between 6.4% and 13.6% in fresh and between 9.3% and 10.7% in dried seeds. Plus, Jarret et al. (2013) indicated that the most abundant fatty acid of the tested Capsicum species was linoleic acid (73.92-77.93%), followed by palmitic (10.62-14.43%), oleic (5.42-7.58%) and stearic (2.74-3.95%) acids. Results of this work were similar and agreed with the above mentioned studies.
The data on germination percentage and vigour of the three pepper cultivars under different temperatures between 15°C and 35°C are presented in The decrease in germination and vigour associated with temperature was higher in 'Yağ' than the other cultivars, and it can be said that cultivars varied in their temperature requirement for germination and vigour. 0.607 ± 0.254 ns 0.484 ± 0.251 0.277 ± 0.051 Note. * -mean ± SD; C14:0 -miristic acid, C16:0 -palmitic acid, C16:1n-7 -palmitoleic acid, C17:0 -margaric acid, C18:0 -stearic acid, C18:1n-9 -oleic acid, C18:2n-6 -linoleic acid, C20:1n-9 -gadoleic acid, C22:0 -behenic acid, C22:1n-9 -erucic acid; means with different letters on line are significantly different at P = 0.05; ns -not significant. * -significant at P = 0.05, ** -significant at P = 0.01, ns -not significant Vegetable seeds that had high germination under optimal laboratory conditions and germination percentages of seeds under optimum conditions could give up to 90% germination. And, a complex metabolic process, germination of higher plants seeds as vegetables, involves many individual reactions and phases, each of which is affected by cardinal temperatures (Wanasundara et al., 1999; Copeland, McDonald, 2001 ). In other words, temperature is one of the most important environmental factors affecting seed germination and vigour. Plus, the germination of pepper is slow at room temperature, and further delayed by cooler (15-18°C) conditions. Pepper required more time for radical emergence at 15°C; however, germination was faster at 25°C and between 25°C and 35°C is the most appropriate temperature for germination of pepper types (Salk et al., 2008) . Li et al.
Potential effect of seed fatty acid profile of pepper (Capsicum annuum L.) cultivars on germination at various temperatures
(2010) reported that germination was highest at 30°C and there was no germination at low temperatures. Next to the germination, vigour is affected by the temperature. Indeed, vigour took 8-9 days at temperatures from 25-35°C and was prevented altogether at temperatures lower than 15°C (Wien, 2002) . Korkmaz (2005) reported that germination and vigour of pepper seeds were 44% and 40%, respectively, at 15°C. On the other hand, Demir et al. (2008) indicated that pepper seeds were given up to 70% germination at 25°C and the standard germination of pepper seed lots ranged from 85% to 95%, while the vigour ranged from 76% to 94% at15°C and 18°C (Kavak et al., 2008) . Moreover, the germinability of vegetable seeds depends on many factors such as maturity, temperature, cultivar and species, etc. (Copeland, McDonald, 2001 ) and it was notified that environmental factors significantly influenced vigour (Kaymak, Güvenç, 2008) . These differences are possibly associated with differences in temperature and cultivar characteristics and the results from this study confirmed these researchers' findings. The correlation coefficients between seed fatty acid profile, germination and vigour at various temperatures for all cultivars are shown in Table  4 . Significant correlations were observed for the seed germination, vigour and fatty acids for all temperatures. Especially, palmitoleic (C16:1n-7) and oleic (C18:1n-9) acids were negatively and linoleic acid (C18:2n-6) was positively correlated with both germination and vigour for all temperatures. Similarly, while the total saturated and mono-unsaturated fatty acids were negatively correlated, total poly-unsaturated fatty acids and oil (except for 15°C and 25°C) were positively correlated with both germination and vigour. In addition, a few positive or negative significant correlations with fatty acids such as stearic (C18:0) and behenic (C22:0), germination and vigour can be clearly seen in Table 4 . * -significant at P = 0.05, ** -significant at P = 0.01, ns -not significant; for abbreviations see Tables 1 and 2 Similar results were obtained in stepwise multiple regression analysis with the simple correlation coefficients (Table 5) . In other words, near the direct effect of fatty acids, indirect effects of them on germination and vigour of pepper seeds were determined. Linoleic acid (C18:2n-6) was the principal fatty acid that affected the germination of pepper seeds according to the stepwise multiple regression analysis. And also, regression equations, R square and other details for germination of pepper seeds are shown in Table 5 . In addition, results for vigour may seem similar to germination, near to linoleic acid (C18:2n-6), the indirect effect of more fatty acids such as miristic (C14:0), margaric (C17:0), palmitoleic (C16:1n-7) and gadoleic (C20:1n-9) acids were determined for vigour. Regression equations, R square and other details for vigour of pepper seeds are also given in Table 5 .
Fatty acid composition had a significant effect on the germination percentage of the tested cultivars at various temperatures. The simple correlation coefficients and stepwise multiple regression analysis clearly revealed these results (Tables 4-5 ). Furthermore, it can be said that germination of pepper cultivars at various temperatures was closely related to extra or deficient endogenous fatty acids. Results of this study agree with previous studies owing to the fact that triglycerides, which are the major form of stored lipids in seeds, are hydrolyzed by lipases to diglycerides, monoglycerides, and then to glycerol and fatty acids (Krist et al., 2005) . In other words, α-oxidation plays a minor role in germinating seeds and β-oxidation plays a major role during germination period with the aid β-oxidase, yielding acetyl coenzyme A and energy in the form of adenosine triphosphate (ATP) (Copeland, McDonald, 2001) . As is seen from Tables 5 and 6 , palmitoleic acid (C16:1n-7), oleic acid (C18:1n-9), linoleic acid (C18:2n-6), total saturated and mono-unsaturated were correlated with both germination and vigour. Especially, linoleic acid (C18:2n-6) was effective on germination and vigour in all temperatures. Also, Wanasundara et al. (1999) and Theodoulou and Eastmond (2012) reported that during germination, storage lipids provide fatty acids that serve as an energy source to produce ATP and soluble carbohydrates for the growth of new cells. In addition to these reports, Kaymak (2012) showed that fatty acids and total oil content of seeds were significantly correlated with germination percentage and rate in cucurbits. ISSN 1392 -3196 Zemdirbyste-Agriculture Vol. 101, No. 3 (2014 325
Conclusions
1. Linoleic acid (C18:2n-6) was the principal fatty acid followed by palmitic (C16:0), oleic (C18:1n-9) and stearic (C18:0) acids in the seed of all cultivars. The highest concentrations of linoleic (77.8 %), oleic (10.4%), palmitic (10.6%) and stearic (2.5%) acids were determined in the seed of all cultivars 'Çetinel-150', 'Yağ' and 'Bağcı Çarliston', respectively.
2. All the tested pepper cultivars showed best performance at 35°C for germination percentage and vigour. The highest germination percentage (80.47%) and vigour (73.07%) were obtained in cv. 'Çetinel-150' at 35°C. 3. The germination percentage and vigour of pepper cultivars were influenced by total oil and fatty acid profile of seeds of cultivars. The simple correlation coefficients showed that palmitoleic (C16:1n-7) and oleic (C18:1n-9) acids were negatively and linoleic acid (C18:2n-6) was positively correlated with both germination and vigour for all temperatures (15, 25 and 35 °C).
4. It was found that the most abundant (linoleic, palmitic, oleic and stearic) and the other (miristic, palmitoleic, margaric, gadoleic and behenics) fatty acids in the seeds of different pepper cultivars may play a major role in germination and vigour at various temperatures (15, 25 and 35 °C) .
5. According to the results of stepwise multiple regression analysis, the role of linoleic acid (C18:2n-6) in germination and vigour associated with temperature was more explicit than that of the other fatty acids. Tables 1 and 2 
